Because the global warming involves the accumulation of carbon emission in long run, the concept of Life Cycle Assessment (LCA) is required to introduce into every transportation project. The transportation project needs various kinds of resources in construction phase, operation phase and demolish phase. The input-output scheme is very useful to analyze those direct and indirect effects. Many kinds of extended input-output models have been widely applied for environmental and energy-related analysis. Leontief, Herendeen, and Bullard are to name a few. A lot of recent works have been carried out to estimate the carbon emission from various production activities. In most studies, however, the amount of CO2 from many products produced in a sector has to be aggregated by assuming that a sector produces only one unique product. Nishimura developed a new model to include the analysis of multiple products in one sector by introducing two sub-models called sector model and process model. Apart from many input-output studies related to the emission from production activities, there are no studies concerning the analysis of life cycle emission from road construction works in Japan. Most life cycle studies of a transport, in the construction phase, is usually accounted only for the direct energy used to construct transport facilities, for example, energy required to drill tunnels, to make and haul concrete, etc. However, to get every raw material for the construction, it also needs a lot of energy for extracting, processing, and transporting from the original source to the construction site. This study accounts not only for the direct energy used in constructing the transport facilities but also the energy embedded in extracting, processing, and transporting of the resources and materials demanded for the project. The study compiled available data from many sources and presented a basic model to estimate the amount of CO2 from a proposed highway project construction. The model was applied to the construction of Tohoku expressway in Japan.
Introduction
The main theme of this research relates to Life Cycle Inventory (LCI) of carbon emission from transport system using economic Input-Output framework. Input-Output framework is adopted because of the availability of detailed data in economy (more than 400 sectors) and its capability to deal with both direct and indirect effects. The conventional way to deal with the problem, so-called the process analysis approach, is to draw the boundary for the system a priori. The drawback of this approach is not able to account for all indirect effects. Moreover, the results are inconsistent among various system boundaries.
In LCA framework, it is also necessary to know the effect of the change in each component in the system to the overall change in emission. An alternative road construction technology, change in economic structure, and/or change in energy technology would affect the amount of emission from the same scale of a transportation facility project. Under the input-output framework, the sensitivity analysis of the model to the change in each factor is possibly developed using the Input-Output Structural Decomposition Analysis (I-O SDA) approach.
Based on the stated problems, the objectives of this study are 1. To develop the model based on Input-Output framework to estimate the amount of life cycle carbon emission from transportation system. 2. To develop a model for a Life Cycle Inventory Sensitivity Analysis based on input-output structural decomposition analysis framework 3. To make a comparative study of life cycle carbon emission of transportation systems in the context of intercity expressway project and high-speed railway project in Tohoku region of Japan.
The essence of life cycle assessment is the evaluation of the relevant environmental, economic, and technological implications of a material, process, or product across its life span over their entire life. Lave (1977) compared the construction of railway BART (San Francisco Bay Area Rapid Transit) and the extending of the existing highway system. He considered construction of transportation structure, production and operation of vehicle. He concluded that it used enormous of energy to invest in building a rail system and thus difficult to repay because the saving of energy in operating phase is smaller or even negative when considering on energy viewpoint only. Lave et al. (1995) applied input-output analysis to estimate economy-wide discharges. The national 519 sectors input-output table of the United States was applied to the LCA study of automobiles, refrigerators, and computer purchases, and to a comparison of paper and plastic cups. The model has the advantage of tracing out the full direct and indirect implications of a material, process, or product at low cost of analysis. However, there are still some limitations in their model such as the conventional input-output matrices do not include activities associated with final consumers such as energy for product use or wastes of product disposal are not included in the model.
Input-output model is used to analyze interdependence among industries in the economy.
Conventional economic input-output model when modified for environmental study has advantage in capturing the complex chain of the economic interdependence. The extended input-output models have been widely applied for environmental and energy-related analysis. For example, Leontief (1970) extended input-output model to include environmental externalities and pollution abatement activities. Leontief (1972) computed the direct air pollution output coefficients (amount of pollution emitted per dollar of output). Using the same framework like Leontief (1970) , he calculated the total (direct and indirect) air pollution output coefficients for the US. 90 sectors I-O table. Gutmanis (1975) discussed on many extensions of I-O model for environmental policy analysis such as analysis of pollution generation, pollution generation trends under economic assumptions, comparison of alternative pollution abatement costs, effects of alternatives of raw materials, end product uses, and others . Rose (1977) extended the conventional I-O model to cope with dynamic problem including technological changes and investment. Rose (1983) made critical review of previous I-O models for macro economic impact of air pollution abatement and suggested some biases in previous models. He proposed a framework of 3-stage model including input-output balance, price adjustments, and input substitution. Herendeen (1974) and Bullard et al. (1975) applied input-output model to estimate the energy impact of consumption decision.
Due to the growing concern of global warming problem during last decades, a lot of recent works have been carried out to estimate the carbon emission from various production activities. For example, Hayami et al. (1993) estimated the amount of CO 2 emission per one unit of commodity's production using Japan's 1985 input-output tables. Hetherington (1996) did similar work for UK. Kondo et al. (1996) used input-output analysis to calculate the embodied emission intensity for economic sectors and applied the model for the life cycle analysis of an automobile. compared the carbon emission between gasoline vehicle and electric vehicle. In most studies, the amount of CO 2 from many products produced in a sector has to be aggregated by assuming that a sector produces only one unique product. Nishimura et al. (1997) developed a new model to include the analysis of multiple products in one sector by introducing two sub-models called sector model and process model. Apart from many input-output studies related to the emission from production activities, by our awareness, there are no studies concerning the analysis of life cycle emission from road construction works in Japan.
Most life cycle studies of a transport, in the construction phase, it is usually accounted only for the direct energy used to construct transport facilities, for example, required energy to drill tunnels, to make and haul concrete, etc. However, to get every raw material for the construction, it also demands a lot of energy for extracting, processing, and transporting from the original source to the construction site. This energy is considerably enormous but has been usually misleadingly neglected, for example, Kulash et al. (1977) .
Life Cycle Inventory Model of Transport Using Input-Output Framework
When the concept of LCA is applied, there are two important dimensions need to be considered. The first dimension is to account the emission throughout the project's life cycle. This makes the LCA study different from the conventional environmental impact studies that mostly consider only the impact in the operation stage. The emission occurred during the project construction before the operations as well as the emission from the maintenance of the project were considered. The second important dimension need to be considered is the indirect emission caused during the production of the ancillary products. To overcome the limitation mentioned above, the economic Input-Output model is utilized for the analysis of the life cycle emission.
Hybrid Input-Output Model
Although the ordinal input-output tables are usually recorded in monetary term, the model employed here is derived in physical term. The total amount of emission (ton-C) by relating the emission with the output put of fuel in monetary term as shown in Eq. 2.1.
However, this method may not give the correct amount of emission when non-uniform energy price across sectors exists. Due to different fuel price, one $ purchased by different sector may give different in quantity of fuel and also the emission. Another reason is caused by the aggregation of various fuel commodities in the fuel supply industry. For example, heavy oil and gasoline are in the same fuel supply industry. Different sectors demand mainly for different type of fuel. One sector may intensively use heavy oil while another sector may use more gasoline. In this case, one $ of purchase from fuel supply industry may imply different amount of emission if it is purchased from different sectors. The broad discussion can be found in Miller and Blair (1985) .
To avoid the error mentioned above, a Hybrid I-O model is introduced in this study. In hybrid model, the monetary units in primary energy sectors as well as limestone sector were replaced by the associated emission in physical term (ton-C). The primary energy sector considered here are Limestone, Coal mining, Crude petroleum, Natural gas, Petroleum refinery products, Coal products, and Gas supply.
The input-output table is modified into hybrid unit. The uses of the primary energy as well as limestone are expressed in term of carbon. Performing the same procedure of calculation as in the basic input-output model, the balance equation is obtained in the form Where the hybrid units are; 
3) E = Carbon emission by primary source sectors S = (mxn) matrix of zeros and ones where every row; like
Sij = 1 , when j is the primary sector of that row. =0 , otherwise.
The life cycle of expressway can be illustrated in Fig 2. 5. The emission from the construction of transport facilities, the emission from the operation and maintenance, and the emission from the car production were considered. In the model, the construction technology is expressed by the quantity and mix of products and services needed for the construction via a set of input coefficients. Any changes in the construction technology or relative cost of input for the construction sector will reflect by the change in input coefficients. Using input table for construction work, the input coefficient for construction is defined as C ij =Cost of input from sector i for construction category j (million yen) c ij =Cost share of input from sector i for construction category j (million yen / million yen)
Construction Cost, Maintenance, and Car Production
The construction cost can be separated into the cost of raw materials and services from intermediate sectors and the cost of value added (wages, rent, and profit). Since the construction cost of the expressway was reported by construction category (bridge, pavement, tunnel, earthwork, etc.) , the project construction cost at base year price by category is multiplied with the associated column vector of input coefficients for construction to obtain the final demand vector by subcategory.
Emission from the project maintenance can be estimated in the same way as in the construction works using the estimated annual maintenance cost.
Because the car industries are already included in the basic 405 sectors I-O table, the amount of emission per one unit of final demand in car industry directly (ton-C/million yen of vehicle production) can be estimated. The result gives the emission per one million yen of car production. However, to estimate the amount emission per one car, the composite cost of vehicle production in the market was applied. Three vehicle types, such as passenger vehicles, buses, and trucks were considered.
The amount of direct emission from the operation of vehicles is directly related to the fuel consumption of the vehicle. The emission from the operation of vehicle are assumed to be effected by the following factors. They are Engine size, Average running speed, Weight of vehicle, and Weight of loading.
Case Study
The Tohoku expressway in Japan was picked up as a case study. Fig. 2 .6 shows the framework of the analysis. Tohoku expressway is an inter-city toll way passing through the major cities in the north-eastern region of Japan. The analysis sections included the total length 679.5 km. of the expressway. Since the LCA result can be varied according to the geological location of expressway, the analysis was done in sub-sections as shown in Fig. 2 .7 and the results were compared. Although the expressway can be used for hundred years, some structures such as bridge has the limit durable time. For the basis of evaluation, in this study, the project life was set to be 60 years after opening to the operation.
Input-output tables used here are 1) Input-Output The I-O table of Japan used was aggregate into 405x405 sectors while the input coefficient was obtained in 7 digits commodity I-O code and then aggregated into 405-sector code. The set of input coefficients for road construction work was utilized as the final demand in the I-O model. The coefficients represent the input requirement for one million yen of road construction by category. Table 2 .1 shows the input coefficients in some major sectors. The construction cost of the expressway was obtained by the contract cost estimation that was expressed in the contract year price. To apply the data to the model, we used the cost deflators for road construction works to convert the cost at contract year price into the base year (1990) price. Maintenance Cost of Tohoku Expressway is supplied from Japan Highway Public Corporation (JH). Cost Deflators for Road Construction Works is picked up from Japan Statistical Yearbook. The Japan Highway Public Corporation (JH) prepares traffic Data of Tohoku Expressway 1976-1997 and Average Daily Traffic (ADT) by section. The traffic was categorized into three major vehicle classes; passenger car, bus, and truck.
Each vehicle classes is further subdivided into gasoline and diesel powered to account for different emission rate from different fuel type. See Fig. 2 .5.
The result after combining with construction input coefficient can be summarized in Table  2 .2. It can be seen that bridge construction creates the most unit emission among the expressway construction works. It is noted that the direct plus indirect unit emission of fuel is expressed in kg-C/kg-C due to the application of the hybrid model. The direct emissions was calculated first by applying the carbon content by the chemical property of each fuel type and then convert to the total emission to include the indirect emission from fuel mining, transporting, and production process. The result showed that the indirect emission accounts about 4 percent of total emission from using the fuel. The amount of life cycle emission for Tohoku expressway can be estimated by applying the calculated emission factors in Table 2 .2 to the project data. The results are shown in Table 2 .3. It can be seen that the emission from vehicle operation plays most important role in the life cycle emission of expressway. The result was shown by the life stage of expressway. If emission from the construction and maintenance of public facilities was allocated to each vehicle type, the result can be shown in Table 2 .4. It revealed that most of emission from the expressway comes from freight transportation (truck). The unit emission per functional unit of transportation (passenger-km. for passenger transportation and ton-km. for freight transportation) can be calculated as shown in Table 2 .5. It is noted that the result included the emission from every stages of expressway and averaged by the total usage of expressway during the expressway's lifetime.
Different geological area requires different road construction techniques. For example, the mountainous area may need more tunnel construction. The structure of the life cycle emission by expressway construction category and geological location can be shown in Fig.2 .11. The sections on the left hand side are near Tokyo where the sections on the right hand side go to northeastern area that is full of mountains. 
Fig. 2.6 Carbon Emission from Expressway Construction by Geological Location

A Sensitivity Analysis Using the Structural Decomposition
In I-O framework, the source of change in emission is reflected by the change of final demand and economy's technology (economic structure). Structural Decomposition Analysis (SDA) is one of appropriate approaches to decompose the source of change under I-O framework. The SDA is a pragmatic alternative of econometric estimation (Rose & Casler, 1995) . The input-output tables of the initial year and the terminal year are used to perform the basic decomposition analysis in this paper.
Equations 3.1-3.5 show some possible decomposition schemes that are different by the choice of base year weight.
In a discrete time analysis, the interaction terms always present and the choice of base year weight is arbitrary. This scheme applied the average approach, proposed by Betts (1989) , to eliminate the problem of arbitrary weight and interaction terms. This method takes an average for the polar weights between the periods of study. For example, taking an average of equation 3.1 and 3.2, or taking an average of equation 3.3 and 3.4 would give the same result of the average scheme 5 as shown in equation 3.5.
We shall show an example by applying a set of the country's final demand in 1975 and 1990 to estimate emission change. The result of decomposition by various schemes is shown in Table 3 .1. During the period, technology change could reduce the amount of carbon emission considerably (minus sign). However, the effect of final demand change overshadowed the change in technology, therefore, resulted in net increase in carbon emission. Equation 3.6 shows the decomposition in differential form when small change occurs during the short time period. In this case, interaction term does not exist. If we subdivide the study period into many sub-periods, and calculate small changes during each sub-period, the error term (interaction term) will be reduced by n times when n is the number of sub-periods. If we assume that the coefficients change continuously in time, n approaches infinity, the summation of error terms will converge to zero as shown in table 3.2.
If we assume technical coefficients (A) and final demand (Y) change linearly during the period, summing up all changes of sub-periods would yield the total change during that period and the error term would be distributed equally to final demand and technology in exactly the same manner as the result from the average method (scheme 5) as presented in table 3.1. Proposed by Betts (1989) , equation 3.7 to 3.9 are the generalizations of the average method when the variable of interest (X) is the product of variables (F i ), (n ≥ 2). It's obvious that equation 3.5 is a just case of equation 3.9 with n=2. This formulation can be used to carry out the detailed analysis when more than two variables effect the final demand and technical matrix change.
Recall that the output or in this case, emission is the function of the level of technology (or matrix B), and the final demand (vector Y). Fig.3.1 
. Different Assumption of Decomposition Schemes and Growth in Final Demand and Technology
The demand change effect can be defined by holding the technology constant and change the demand. The technology change effect can be defined vice versa. The change can be written as in equation 3.6 if the final demand and technology is defined as the continuous function in time. However, in case of input-output model which is a kind of static model. There are many possible discrete decomposition schemes as shown by the examples of equation 3.1-3.5.
It could be seen that equation 3.1 is just the decomposition scheme assumed the growth path as in the upper right path, while equation 3.2 is just the decomposition scheme assuming the lower left path. It was assumed that the growth path by dividing the study period into many small sub-periods and updating the coefficients and final demand using the assumption of linearly growth in time. The result comes up with the same as the decomposition scheme in equation 3.5.
The decomposition scheme in equation 3.5 is derived from the assumption of linearly growth of coefficients in time. Linearly coefficient change in time implies that;
The infinitesimal change in output (dX) can be expressed as The total change in output ( X ∆ ∆ ∆ ∆ ) during the period t=0 to t=T can be expressed as the integral of infinitesimal change in equation 3.12 during the period. In another view, scheme 5 just assigns the effect of the error terms to each part equally. It can be shown by the following equation. From Fig. 3.1 ., it can be seen that the growth path assumed in this study is just the direct path from initial to terminal year of the study period.
Different weights would produce different results of effect in each factor as illustrate in an example. This problem is called an index number problem. Dietzenbacher and Los (1998) discussed in detail about this problem. In their study, more than two variables were included. They investigated all possible combination of the choices of the weight schemes. They found that the average method that takes an average of the polar weights gives very close result to the average of the results from all possible combinations. We also applied the average method to make further analysis of factors that caused total emission changes in road construction works in Japan during [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] .
The Decomposition for the Source of Change of Carbon Emission Intensities for
General Road Construction Works in Japan during 1975-1990.
Fundamental Insights
The total amount of life cycle emission from six selected road construction categories were estimated as shown in table 4.1 and table 4.2. From the primary energy view point, in 1975 most of emission ultimately came from burning of petroleum refinery products (Table  4 .1). However, in 1990, the emission from coal products prevailed (Table 4 .2). One major finding is that the amount of carbon emission per one unit of road construction works reduced about 40 percent (Table 4. 3).
We apply equation 4.1 to recognize what kind of raw material or service embedded high level of emission. Tables 4.4-4.5 show the structure of carbon emission embedded in final product required for road construction. For example, using products from iron and steel sector may induce considerably carbon emission share. The result shows the carbon emission from the viewpoint of final use of material and service in construction work. Table 4 .6 shows the carbon emission change during the period. This result reflected more or less the increase in price of petroleum products during that period. From the resource-input viewpoint, most of emission came from using cement, cement products, iron, and steel (Table 4 .4-4.5). Each construction categories presented the unique emission structure, for example, emission from pavement construction mostly embedded in paving material and cement while emission from the bridge construction mostly embedded in cement and steel. It was also interesting that transportation sector also contribute much reduction during the period (Table 4 .6). Note: Dark shaded area shows the major sectors contributing to the emission Note: Dark shaded area shows the major sectors contributing to the emission Gravel and crushed stone  89  151  11  62  50  50  Paving material  12  433  4  323  1  1  Cement and cement products  709  198  312  364  708  440  Iron and steel  187  69  865  95  93  328  Metal and metal products  34  30  569  59  70  194  Other products  98  103  41  126  106 Other acitivities  3  3  2  3  2  2  Total  1451  1309  2076  1389  1351  1435 Note: Dark shaded area shows the major sectors contributing to the emission Note: Dark shaded area shows the major sectors contributing to the emission Note: Dark shaded area shows the major reduction of emission, light shaded area shows the major increase in emission share.
Sources of Changes in Carbon Emission Intensities of Road Construction Work
Major sources of carbon emission were classified as 1) Construction Technology Effect This source of change is caused by change in construction technology. The technology change in road construction can be expressed by the change in resource input needed for the construction.
2) Economy's Technology Effect
This source of change is owing to technology change in other sectors. The change can be expressed as a change in the hybrid input-output technical coefficient matrix.
The result of decomposition based on the equation 3.5 is shown in Table 4 .7 and Fig. 4 .2. The emission change caused by construction technology change was disaggregated further into change of direct emission at construction site and indirect emission change caused by input selection change, using equation 4.2 and 4.3.
The amount of life cycle emission from various road construction works in Japan is estimated by applying hybrid input-output model with technology assumption. All selected construction works revealed considerable reduction in carbon emission per one unit of construction. The structural decomposition analysis was carried out to reveal the major force driving behind the emission change. It was found that the major driving forces behind the emission change in each road construction category are different (Fig. 4.2) . Emission at construction site is very little comparing with indirect emission (Table 4 .3-4.4) and contribute very small share in emission change (Fig. 4.2) . Road improvement, earthwork, and other construction works showed emission change mainly from final demand change while pavement construction, bridge construction, and road repair shows major change resulted from economy change.
Comparative Analysis of Life Cycle Emission of Transport Systems
A Comparative Analysis of Expressway System and High-Speed Railway System
The Tohoku expressway system and Tohoku high-speed railway system in Japan (hereafter called Shinkansen) are chosen as a case study. There are two problems in comparing between both transport systems. 1. Both systems serve has similar function but not the same. The expressway serves both freight and passenger transport while the high-speed railway serves only passenger transport. 2. The scale of the both systems is similar but not the same in scale of construction and traffic. Table 5 .1 shows the share of traffic on the expressway. It could be seen that freight traffic is dominant. The amount of emission from the initial construction work of the expressway is allocated based on traffic volume. The emission from the maintenance work of the expressway such as pavement should essentially be allocated based on the damage to the pavement. However, because an expressway have to maintain high quality of service, the maintenance cost of expressway in Japan is not necessary to reflect the damage of pavement. In this study, we allocated the emission from the maintenance of expressway by the traffic volume. The life cycle emission from both systems are summarized in Table 5 .2-5.3. Gasoline (combustion) 10.85 Total 13.46 Considering the function of both systems to serve the passenger transportation, the unit of the passenger-km is selected for comparison. Fig 5.1 shows the amount of emission from both existing systems in time. It is just the fact that the existing Tohoku expressway project would emit more emission than existing Tohoku Shinkansen project after 30.4 years. We should be careful to make any justification because both systems have different in construction scale and traffic. Fig. 5.2 shows that the expressway system would emit more emission than the Shinkansen system after about 164,000 million of passenger-km. 
Effects of the System Expansion
Both systems are still at different scale. Tohoku expressway system will serve about 440,000 million passenger-km during its lifetime, while the Tohoku Shinkansen system will serve 730,000 million passenger-km. In Fig. 5 .3, we expanded both systems to serve the same level of passenger-km while maintaining the project life to be the same (60 years). Suppose, the Tohoku Shinkansen system would not be constructed, all Shinkansen passengers would shift to the Tohoku Expressway, while we should expand the expressway to be able to serve the increased passenger traffic, and vice versa. The constant return to scale is assumed in the paper. That is, more number of passengers implies more initial investment in construction and maintenance of the project.
In order to meet with the summed up traffic demand for its life cycle, the Shinkansen is required to expand its scale to 1.6 times while the expressway has to expand its scale to 2.67 times. The extended system can be plotted as the shifted line of the existing system due to the additional initial investment. The slopes of the amount of emission from the systems are constant because of the constant unit emission per passenger-km in operation phase. Table  5 .4 summarizes the analysis scenarios. As illustrated in Fig. 5 .4, the Shinkansen system would give less carbon emission than the expressway system after more than about 2.1x10 11 passenger-km, or 10.8 years after the opening to service.
The benefits in term of carbon emission caused by the substitution of the expressway system by the Shinkansen system are also presented. Two questions are discussed here.
The first, the benefit substituting Shinkansen project with the expressway project is estimated as 18.4 million ton of carbon comparing with the reverse substitution.
The second comparison is the case of having both expressway and Shinkansen at current scale and having only Shinkansen with larger scale. In another words, the benefit of substituting existing expressway with the extension of Shinkansen is estimated as 6.93 million tons of carbon saved. If we consider the project at the same scale, the initial construction of Tohoku Shinkansen induced about 2.6 times of carbon emission more than the construction of Tohoku expressway. However, the carbon emission rate from the use expressway (including the emission from fuel combustion of vehicle and the emission from expressway maintenance) is about 3 times more than the use of Shinkansen at the same passenger-km unit. This provided us the analysis of the trade off between its cost of huge emission from initial construction and the benefit of saving of emission in operation phase of both system. Considering only both systems, under the assumption of current traffic level on both system and 60 years project life, the result of the analysis shown that, in the context of carbon emission, Shinkansen would regain its benefit over its initial emission about 10.8 years after the opening to the operation.
Conclusions
This research focused on the estimation of the amount of carbon dioxide from transport systems introducing the concept of Life Cycle emission. Because the conventional method of estimation cannot cover the indirect emissions through inter-industry network, input-output framework was introduced in this study to overcome this limitation.
The first, a hybrid I-O model was proposed for 405 sectors of Japan's economy. The model was utilized to estimate the amount of life cycle carbon emission from Tohoku expressway system in Japan. The result showed that indirect emissions from car production, expressway construction, and expressway maintenance are relatively large and significant. However, it was found that almost 90% of total emission comes from the fuel combustion in the operation stage while the emission from the production of vehicle and the emission from the facility construction accounted about 5% each. Since environmental technologies of car will be improved much in near future, the emission from the construction would relatively become important. It is worthwhile to estimate the emission from road construction in terms of life cycle carbon emission from major construction works such as bridge, pavement, earthwork, etc.
Since the amount of life cycle emission can be varied by many factors, the development of sensitivity analysis is necessary. The Structural Decomposition Analysis (SDA) under I-O framework was introduced in chapter 2. The model was applied to a case study to decompose the source of change in carbon emission intensity of various road construction works in Japan during [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] . It was found that during the period of study the emission intensities decreased about 40% in all road construction categories. We could be able to clarify the major source of emission intensity change in each construction category.
The model developed can be used to estimate the amount of emission from any transport systems. In case of similar system, it may not be difficult to justify. However, in case of different transport systems that have different functions and scale, they cannot be compared directly. Chapter 5 provided the framework to for the comparison of environmental load in term of carbon emission between different transport systems. The comparison between Tohoku expressway and Tohoku Shinkansen was picked up as a case study. Considering both systems, Tohoku Shinkansen would regained its benefit over its initial emission in 11 years after the opening to service. The benefit in term of carbon emission saved if Tohoku expressway would had been substituted by the extension of Tohoku Shinkansen was also estimated.
